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[bookmark: _Ref409106980][bookmark: _Ref387147111][bookmark: _Ref416466774]Introduction
[bookmark: _Ref421460494]At RAN#69 a new work item on narrowband IoT was agreed. In this contribution an estimate of the battery lifetime for Narrowband LTE (NB-LTE) devices is presented for the NB-LTE system as described in [2] following the methodology given in in TR45.820 [1] where the connection to the core network is assumed to be Gb based, since that is what has been agreed to be assumed in the GERAN study item. The evaluation is done in the same way as for the standalone case [3] and in particular the power model remains the same.
Energy consumption evaluation
Table 1 shows the different activities during an uplink reporting event and the corresponding terminal state. The following assumptions have been made: 
· For network synchronization we assume initial synchronization with 0 interferers and PSS/SSS Configuration 2 (see [4]). The value in the Table 1 is the average synchronization time. The synchronization time at 154 dB coupling loss is estimated to be half of that at 164 dB coupling loss. For simplicity the same value is used also for 144 dB coupling loss.
· The MIB acquisition time for 164 dB coupling loss is based on the results in [5]. For 154 dB coupling loss it is estimated that one decoding attempt using 8 code sub-blocks will be sufficient to acquirethe MIB.  For simplicity the same values are used also for 144 dB coupling loss.  The Rx and Idle times during the MIB acquisition are calculated similarly as in [3]. The details are omitted.
· PRACH and PUSCH transmission times are the same as in standalone operation [8], as the power availability in uplink remains unchanged.
· The EPDCCH transmission time is based on the results in [5]. 
· The PDSCH transmission time for a 10 byte TB (RA msg 4) is the same as for EPDCCH. The transmission time for an 11 byte TB (RA msg2) and an 80 byte TB (IP Ack) are extrapolated from the 10 byte and 100 byte TB result, respectively. The PDSCH transmission time for a 100 byte TB is based on the results in [5].
· The extra wait time is the same as in standalone operation and comprises the IP Ack waiting time (1000 ms), the ready timer (20000 ms), and the various scheduling delays (1000 ms). The total extra wait time is therefore 22000 ms.

Table 1: Duration and terminal state for the various activities during an uplink reporting event
	 
	 
	 
	Duration (ms)

	Activity
	State
	Size (bytes)
	144 dB
	154 dB
	164 dB

	Synch
	Rx
	
	112
	146
	469

	Wait for MIB
	Idle
	
	868
	868
	2020

	MIB
	Rx
	
	92
	92
	220

	Wait for PRACH
	Idle
	
	160
	320
	640

	PRACH
	Tx
	
	4
	48
	160

	DL assignment
	Rx
	8
	2
	20
	120

	RAR (includes UL grant)
	Rx
	10
	3
	25
	150

	TLLI + Access cause + BSR
	Tx
	11
	12
	36
	300

	DL assignment
	Rx
	8
	2
	20
	120

	RA cont. res.
	Rx
	8
	2
	20
	120

	UL grant
	Rx
	8
	2
	22
	132

	IP report (50 bytes)
	Tx
	65
	26
	238
	1426

	IP report (200 bytes)
	Tx
	215
	58
	909
	4541

	HARQ ACK
	Rx
	8
	2
	22
	132

	DL assignment + PDCCH monitoring
	Rx
	8
	2
	22
	132

	IP Ack
	Rx
	80
	22
	132
	686

	HARQ ACK
	Tx
	3
	7
	13
	224

	PDCCH monitoring
	Rx
	8
	39
	156
	1560

	Extra wait time
	Idle
	
	22000
	22000
	22000



The estimated lifetime in years are presented for two different packet sizes, two reporting intervals and at different coverage.
Table 2: Estimated battery lifetime in years
	Packet size, reporting interval
	 144 dB
	154 dB
	164 dB

	50 bytes, 2 hours
	17.9
	9.8
	2.4

	200 bytes, 2 hours
	16.7
	5.2
	1.2

	50 bytes, 1 day
	34.8
	30.6
	17.2

	200 bytes, 1 day
	34.4
	25.0
	10.8




Conclusions
The energy consumption evaluation shows that the 10 year battery life objective can be met or exceeded for many of the studied traffic scenarios.
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